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recipients of either the BNT162b2 or mRNA- 
1273 vaccine), we observed 362 documented in- 
fections, including 23 participants with moder- 
ate disease and 8 with severe or critical disease. 
No material difference was noted in the inci- 
dence of SARS-CoV-2 infection, including mod- 
erate and severe or critical disease, among par- 
ticipants who had received heterologous or 
homologous boosting after primary mRNA vac- 
cination (adjusted rate ratio, 1.10; 95% CI, 0.90 
to 1.35). Outcomes for the individual mRNA 
vaccines were similar to those in the combined 
mRNA category. (Additional data regarding in- 
dividual vaccines are provided in Table S2.) 

Recent clinical trials examining the safety 
and immunogenicity of SARS-CoV-2 boosters 
in healthy adults have shown greater increases in 
antibody titers after heterologous boosting than 
after homologous boosting.”» In particular, neu- 
tralizing immunoglobulin G antibodies were 
lowest after homologous Ad26.COV2.S boosting 
and remained below the predicted efficacy 
threshold for preventing symptomatic Covid-19.? 

Our findings support the results of these 
clinical trials since we observed the largest num- 
ber of documented breakthrough infections in 
participants who had received a homologous 
Ad26.COV2.S booster. Our analysis provides fur- 
ther evidence that the infection rate is lower in 
persons who are boosted with a heterologous 
mRNA vaccine. 

Overall, documented infections, including 
moderate and severe or critical disease, were 
uncommon among veterans who had received 
either homologous or heterologous boosters. 
Heterologous mRNA boosting may better pro- 
tect against incident infection in persons who 
were initially vaccinated with an adenoviral- 
vector vaccine. 
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Efficacy of a Fourth Dose of Covid-19 
mRNA Vaccine against Omicron 


TO THE EDITOR: In this open-label, nonrandom- 
ized clinical study, we assessed the immunoge- 
nicity and safety of a fourth dose of either 
BNT162b2 (Pfizer-BioNTech) or mRNA-1273 
(Moderna) administered 4 months after the 
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third dose in a series of three BNT162b2 doses 
(ClinicalTrials.gov numbers, NCT05231005 and 
NCT05230953; the protocol is available with the 
full text of this letter at NEJM.org). Of the 1050 
eligible health care workers enrolled in the 
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Figure 1 (facing page). Immunogenicity and Efficacy 
of a Fourth Dose of mRNA Vaccine. 


Panel A shows IgG titers after three doses of BNT162b2 
plus a fourth dose of a messenger RNA (mRNA) vac- 

cine (either BNT162b2 or mRNA-1273). Panel B shows 
live-virus neutralization efficacy against different strains 
(Hu-1 [wild type], B.1.617.2 [delta], and B.1.1.529 Jomi- 
cron]) at different time points. In Panels A and B, geo- 


metric mean titers are shown, and I bars indicate the 
95% confidence intervals; the dashed horizontal line 
indicates the cutoff for diagnostic positivity. Panel C 
shows the cumulative incidence of any severe acute re- 
spiratory syndrome coronavirus 2 (SARS-CoV-2) infec- 
tion among BNT162b2 and mRNA-1273 recipients and 
their matched controls. The dashed lines indicate 95% 
confidence intervals. 


Sheba HCW COVID-19 Cohort,!? 154 received 
the fourth dose of BNT162b2 and, 1 week later, 
120 received mRNA-1273. For each participant, 
two age-matched controls were selected from 
the remaining eligible participants (Fig. S1 in the 
Supplementary Appendix, available at NEJM.org). 

After the fourth dose, both messenger RNA 
(mRNA) vaccines induced IgG antibodies against 
the severe acute respiratory syndrome corona- 
virus 2 (SARS-CoV-2) receptor-binding domain 
(Fig. 1A) and increased neutralizing antibody 
titers (Fig. S3); each measure was increased by a 
factor of 9 to 10, to titers that were slightly 
higher than those achieved after the third dose, 
with no significant difference between the two 
vaccines. Concurrently, antibody levels in the 
control group continued to wane (Table $5). 
Both vaccines induced an increase in live neu- 
tralization of the B.1.1.529 (omicron) variant and 
other viral strains by a factor of approximately 
10 (Fig. 1B), similar to the response after the 
third dose.* We found that the fourth dose did 
not lead to substantial adverse events despite 
triggering mild systemic and local symptoms in 
the majority of recipients (Fig. S2 and Table S4A 
and S4B). 

Because of the extremely high infection inci- 
dence and meticulous active surveillance with 
weekly SARS-CoV-2 polymerase-chain-reaction 
testing, we were also able to assess vaccine ef- 
ficacy with a Poisson regression model (see the 
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Supplementary Appendix). Overall, 25.0% of the 
participants in the control group were infected 
with the omicron variant, as compared with 
18.3% of the participants in the BNT162b2 
group and 20.7% of those in the mRNA-1273 
group. Vaccine efficacy against any SARS-CoV-2 
infection was 30% (95% confidence interval 
[CI], -9 to 55) for BNT162b2 and 11% (95% CI, 
—43 to 44) for mRNA-1273 (Fig. 1C). Most in- 
fected health care workers reported negligible 
symptoms, both in the control group and the 
intervention groups. However, most of the in- 
fected participants were potentially infectious, 
with relatively high viral loads (nucleocapsid 
gene cycle threshold, <25) (Table S6). Vaccine 
efficacy was estimated to be higher for the pre- 
vention of symptomatic disease (43% for 
BNT162b2 and 31% for mRNA-1273) (Fig. S4). 
Limitations of the study include its nonran- 
domized design and the 1-week difference be- 
tween enrollment in the two intervention groups, 
generating potential biases. To overcome this, 
we assessed each intervention group separately 
and used a Poisson model accounting for calen- 
dar time. In addition, despite similar requests 
for weekly SARS-CoV-2 testing, adherence was 
slightly lower in the control group. We did not 
sequence the infecting virus and cannot be ab- 
solutely certain that all cases were caused by the 
omicron variant; however, during the study pe- 
riod, omicron accounted for 100% of the isolates 
that were typed. Finally, our cohort was too 
small to allow for accurate determination of vac- 
cine efficacy. However, within the wide confi- 
dence intervals of our estimates, vaccine efficacy 
against symptomatic disease was 65% at most. 
Our data provide evidence that a fourth dose 
of mRNA vaccine is immunogenic, safe, and 
somewhat efficacious (primarily against symp- 
tomatic disease). A comparison of the initial 
response to the fourth dose with the peak re- 
sponse to a third dose did not show substantial 
differences in humoral response or in levels of 
omicron-specific neutralizing antibodies. Along 
with previous data showing the superiority of a 
third dose to a second dose,‘ our results suggest 
that maximal immunogenicity of mRNA vac- 
cines is achieved after three doses and that anti- 
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body levels can be restored by a fourth dose. 
Furthermore, we observed low vaccine efficacy 
against infections in health care workers, as well 
as relatively high viral loads suggesting that 
those who were infected were infectious. Thus, 
a fourth vaccination of healthy young health care 
workers may have only marginal benefits. Older 
and vulnerable populations were not assessed. 
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A Direct Measure of Tuberculosis Incidence 


— Effect of Com 


TO THE EDITOR: Incident cases of tuberculosis 
drive the ongoing epidemic. However, the accu- 
racy of the data on the incidence of tuberculosis 
is poor.’* In a randomized, controlled trial of 
annual community-wide screening for tubercu- 
losis in southern Vietnam,** we measured the 
incidence of tuberculosis directly and assessed 
the effect of community-wide screening on the 
incidence of the disease. 

We conducted an annual screening survey 
involving all the adult residents in 60 randomly 
selected communities in the province of Ca Mau 
for 4 consecutive years beginning in 2014. Every 
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year, sputum samples were obtained from all 
available participants who had provided oral in- 
formed consent and were able to provide a 
sample, regardless of whether they had symp- 
toms of tuberculosis. Most of the participants 
who were surveyed in the second and subse- 
quent years were the same ones who had been 
surveyed in previous years. Sputum specimens 
were tested with a nucleic acid amplification test 
(Xpert MTB/RIF, Cepheid).’ Participants who had 
sputum samples that tested positive for tubercu- 
losis on the Xpert MTB/RIF test were asked to 
undergo chest radiography and to provide two 
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